Background: The purpose of the current study is to assess statistical associations between individual demographic and personality characteristics, the city-level physical availability of medical marijuana (as measured through densities per roadway mile of storefront dispensaries and delivery services), and the incidence and prevalence of marijuana use. Method: Individual level data on marijuana use were collected during a telephone survey of 8853 respondents living in 50 mid-size cities in California. Data on medical marijuana dispensaries and delivery services were obtained via six different websites and official city lists. Three outcome variables pertaining to lifetime, past year use, and frequency of past year use were analyzed using random effects logistic models (for lifetime and past year use) and random effects tobit models (for frequency of past 365-day use). Results: The current study finds that the total physical availability of medical marijuana through dispensaries and delivery services per roadway mile at the city-level is positively related to current marijuana use and greater frequency of use, controlling for a variety of demographic and personality characteristics. As expected, current physical availability of medical marijuana was unrelated to lifetime use. Conclusions: Regulations on the number and densities of marijuana outlets may be a sufficient means to restrain overall levels of marijuana use within cities. However, alternative use of delivery services may also provide easy access to marijuana and mitigate these effects.
Introduction
The use of marijuana to treat medical conditions continues to be a controversial topic across the United States. Under Proposition 215 in 1996, California became the first state to decriminalize marijuana use for medical purposes. Before 2002 there were very few dispensaries operating in California; however that changed with SB 420 (Medical Marijuana Program Act) was enacted in 2003 (Graves, 2011) . This legislation developed a program where individuals could voluntary register as medical marijuana patients to make it easier for law enforcement to identify legitimate marijuana use and allowed greater access of medical marijuana through dispensaries but did not create any specific guidelines for regulating them. Regulation was left to local jurisdictions. Despite the political uncertainty and volatile landscape within which policies are being created that allow or prohibit marijuana use for treatment of medical conditions, the number of marijuana dispensaries in California has grown with no documentation of relationships of dispensaries to use.
State medical marijuana laws and marijuana use
The primary concern of public health research has been to ascertain whether the legalization of marijuana use will lead to greater use among more, and particularly younger, people. Several studies have found that marijuana use is higher in states that have passed laws that allow medical use of marijuana for both adults and adolescents (Cerdá et al., 2012; Harper et al., 2012; Khatapoush and Hallfors, 2004; Wall et al., 2011) . But it appears that populations of these states also had higher rates of marijuana use to begin with and may have perceived use as less risky (Wall et al., 2011) . The prevalence of marijuana abuse and dependence did not differ in states with medical marijuana laws among current marijuana users (Cerdá et al., 2012) . Gorman and Huber (2007) , using time-series data, found that marijuana use did not increase in response the enactment of legislation allowing for medical use of marijuana among a sample of arrestees in seven cities using two different datasets. In a more extensive state-level study of specific aspects of medical marijuana laws and their impacts on use over time, Pacula et al. (2013) found that states that allowed medical marijuana distribution through dispensaries or home cultivation had higher levels of past month marijuana use estimated from the Youth Behavioral Risk Survey and the National Longitudinal Youth Survey Sample (dispensaries only) and more heavy marijuana use (home cultivation only).
Local access and use
These do not provide the more local information necessary to ascertain how these laws affect access to and use of marijuana within the specific communities and neighborhoods in which marijuana outlets are located. This information is particularly important in states like California which allow marijuana use for medical purposes but devolve regulatory control of dispensaries to local jurisdictions. As a consequence the range of local regulation of marijuana outlets runs from no regulation, to limits on the number and density of dispensaries, to complete bans on dispensary operations (Freisthler et al., 2013) . Uneven access to marijuana at "store front" dispensaries exists depending upon the city in which a person lives. Bans on store front dispensaries have given rise to another form of availability, medical marijuana delivery services. These services enable patients to register on-line with a dispensary to allow marijuana deliveries to the patient's home.
Very little is known at the local level about local access to marijuana through dispensaries and corresponding patterns of use. Estimates indicate that medical marijuana users are primarily male, Caucasian, lower income, have health insurance and are about 40 years of age (Ogborne and Smart, 2000; Ware et al., 2005; Swift et al., 2005; Reiman, 2007; O'Connell and Bou-Matar, 2007) . Importantly, these demographic characteristics do not appear to be different from those of other recreational marijuana users of the drug (Ogborne and Smart, 2000) . Noting that these demographic characteristics are likely to represent "market potentials" for marijuana use, surrogates for marijuana demand, Morrison et al. (2014) demonstrate that marijuana dispensaries are more likely to be found in Census block groups.
Psychosocial characteristics of individuals related to marijuana use include impulsivity (Brook et al., 2011; Dougherty et al., 2013) and tolerance of deviance (Brook et al., 2011) . The assessment of the individual characteristics in this study allows us to accommodate the wide variety of individual and psychosocial characteristics related to marijuana use. Localities that ban dispensaries outright may have more social capital than those that do not. For example those cities with more collective efficacy (willingness to intervene on behalf of neighbors) may have been more proactive in creating bans or density limits on medical marijuana dispensaries. Social disorder and neighborhood disorganization is related to alcohol and other drug use, in general (Bloomfield and Stock, 2013) and cannabis use, in particular (Furr-Holden et al., 2011) .
The current study assesses associations between measures of marijuana use and availability across 50 cities in California by considering availability of medical marijuana through store-front dispensaries and delivery services and relating these to individual self-reports of marijuana use. The assessment of two types of physical availability of medical marijuana allows us to better understand how regulatory practices (e.g., banning dispensaries) may affect marijuana use across jurisdictions.
Methods
A general population telephone survey of 8790 adults 18 years of age and older was conducted across 50 cities in California. Due to missing data, the final sample size for this study is 8553 respondents. The cities were selected from 138 cities between 50,000 and 500,000 population. Cities were randomly selected with the restriction that each be separated by at least two unselected city or county areas. A list-assisted stratified random sample of adults 18 years of age or older from households in the 50 cities was surveyed using a computer-assisted telephone interview. Random digit dialing techniques have been preferred in the past, but are no longer feasible for geographically targeted samples in California. List-assisted samples differ little from samples developed using random digit dialing (Brick et al., 1995; Kempf and Remington, 2007; Tucker et al., 2002) . Prospective respondents were sent a pre-announcement letter describing the study and were given the option to opt out by contacting the survey research firm. Surveys were conducted from January 1, 2009 to March 14, 2010 in either English or Spanish and averaged 24 min in length. Translation and back-translation to Spanish was conducted by local Spanish speaking respondents well acquainted with Spanish dialects spoken in California.
Respondents gave verbal consent to participate and received no remuneration. The response rate for the survey was calculated to be 48.0% using standard definitions of the American Association of Public Opinion Research (2002) . Residential locations of respondents were geocoded to Census block groups using spatial adaptive mask procedures to preclude identification by residential address (Armstrong et al., 1999; Kwan et al., 2004) .
Low telephone survey response rates are currently a common problem among social surveys and non-response bias a topic of intense research and debate (Kempf and Remington, 2007) . This is a particular problem in general population surveys which sample from large populations of unscreened adults. Partially correcting for potential non-response bias, post-stratification survey weights were constructed in reference to the population of 138 cities based upon population size of persons 18 years of age and older classified by racial and ethnic group membership, gender, and age-groups. Demographic characteristics of the sample well-reflected those of the 50 cities, with 90% of survey weights falling between 0.90 and 1.10. These weights were applied in all of the analyses reported below.
Measures
Three dependent measures on marijuana use were utilized in the current study: lifetime use, past year use, and frequency of past year use. These measures were constructed based on responses to the following questions: "Have you ever, even once, used marijuana or hashish?" and "On how many days in the past twelve months did you use marijuana or hashish?" These measures have been used previously in the National Survey on Drug Use and Health (Substance Abuse and Mental Health Services Administration, 2005). The second measure provided a dichotomous assessment of whether or not the participant used marijuana in the past year and frequency of past year use.
The key independent measure for the study was the density of the physical availability of medical marijuana through storefront dispensaries and delivery services. Delivery services are an alternative means of availability of medical marijuana. These services can be available in any of the 50 cities, but are the primary source of medical marijuana in cities that do not allow distribution through dispensaries. Data on medical marijuana dispensaries and delivery services were obtained from six different websites (Weedmaps, CANORML, Puffpuff411, MedicalMarijuanaLocators, THCFinder, and Yelp). Listing the information for these businesses and official city lists in March-April, 2012. The websites were obtained by conducting a comprehensive search of such databases available on the web and by asking dispensary owners where they advertise their services. Given the flux of locations of dispensaries in some cities, using a city-level count (as opposed to counts at the Census tract or zip code level) provides greater confidence that we have correctly differentiated between cities with high and low physical availability of medical marijuana. A premise survey of dispensaries in Sacramento, CA (one of the fifty cities in this study) in March, 2013 that visited all locations of dispensaries on these lists found that the on-line data sources were more up-to-date (Lipperman-Kreda et al., 2014) . These city lists may not be regularly updated like websites are, but this study is unable to assess potential biases based on one a premise survey in one city.
Three measures of the physical availability of medical marijuana were developed. The first was a measure of total availability creating by summing the number storefront dispensaries and number of delivery services and dividing by roadway mile per city. Roadway miles were chosen (rather than land area or population) because it better approximates how individuals access dispensaries (e.g., they travel to dispensaries via roads, Gruenewald et al., 1996) . The remaining two measures assessed each type of availability separately. The correlation between storefront dispensaries and delivery services per roadway mile was relatively low ( = 0.083).
Measures of collective efficacy and social disorder were included at the citylevel. These items were asked of each survey respondent. Means for each city was created by summing the total for each individual in the city and dividing by the number of respondents for the city. Collective efficacy was measured using three items from the frequency of social exchange scale developed for the Project on Human Development in Chicago Neighborhoods project by Sampson et al. (1999) : (a) frequency of favors by respondent and neighbors, (b) frequency of get togethers or parties with neighbors, and (c) visit each other's homes (internal consistency = 0.76). Five items were selected from the perceived neighborhood disorder scale to measure social disorder. Respondents were asked to rate their neighborhood in terms of assaults and muggings; drug dealing in the open; gangs; heavy traffic; and drug use. Each item was measured on a 3-point Likert-type scale from not a problem to a big problem and summed to create an index of problems.
Covariates include impulsivity, tolerance of deviance, and a variety of demographic variables. Impulsivity was measured using a modified version of Dickman's Dysfunctional Impulsivity Scales (Dickman, 1990) . Dysfunctional impulsivity, measured by 7 items, refers to acting rapidly and inaccurately (e.g., I often get into trouble because I don't think before I act). Yes/no responses were summed with higher values indicating higher levels of impulsivity (Cronbach's ˛ = 0.72). Tolerance of deviance was assessed using a 4 item scale modified from a version previously used in studies of adolescent and young adult drinkers (Donovan, 1993; Bingham et al., 2007) . The four measures asked respondents to rate how wrong they felts it was to commit four individual behaviors (e.g., steal, hit someone) on a Likert-type scale from 1 (not wrong) to 4 (very wrong) (Cronbach's ˛ = 0.78).
Demographic control variables included gender, race/ethnicity, age, marital status, education, whether or not the respondent was an immigrant, household income, number of adults in the home and household income. Race/ethnicity was coded into African American, Latino or Hispanic, Caucasian, Asian American, and other. Three categories were used to denote marital status: single; currently married; and separated, widowed or divorced. Education was recoded to less than high school education, high school diploma, college graduate, and post graduate education. Employment status was measured as being employed full time, being unemployed, or being employed part-time or homemaker. Income categories included less than $20,000, $20,000-$60,000, $60,000 to $100,000 and greater than $100,000. Demographic control variables were effects coded.
Statistical approach
Data were analyzed using multilevel logistic random effects models for lifetime and past year marijuana use. These models account for the nested sampling design (individuals within cities) for binary measures. Variables measured at the city level include all three measures of medical marijuana availability (total density, density of storefront dispensaries, density of delivery services) and the two measures of neighborhood structural characteristics (collective efficacy and disorganization). The remaining variables were all measured at the individual level. Data for the outcome variable representing frequency of marijuana use (number of times used in the past 365 days) were analyzed using a multilevel censored (Tobit) random effects model (Greene, 2012) . This model was chosen to account for the left censoring of the dependent variable (i.e., no values were below 0 days).
Results
Four analysis models are presented in each of three tables corresponding to lifetime, current, and frequency of use. Model 1 presents results examining associations between individual demographic and psychosocial characteristics and city level physical availability of medical marijuana. Model 2 separates effects related to storefront dispensaries and delivery services. Models 3 and 4 provide incorporate two additional city level variables related to collective efficacy and social disorder. On average, 5.4% of survey participants used marijuana per city (range: 1.1%-19.3%) and a total availability of medical marijuana of 0.02 per roadway mile (range: 0.00-0.07). Respondents used marijuana on average 3.02 times per year (range: 0-365)
Lifetime marijuana use
None of the measures denoting physical availability of medical marijuana were related to lifetime use of marijuana (Table 1) . Respondents who were white, male, had a high school diploma, college education, or post graduate education, worked full time or were unemployed, had incomes of $20,000 to $60,000, $60,000 to $100,000, or greater than $100,000, and were in the age ranges of 30 to 45 or 46 to 59 were more likely to have used marijuana during their lifetime. Married respondents, Latinos, born outside of the United States, married or separate, widowed, or divorced, and those older than 60 years of age were less likely to have engaged in lifetime marijuana use. Greater impulsivity and tolerance of deviance were also related to greater likelihoods of using marijuana at some point in the respondent's life. Respondents living in cities with greater values on collective efficacy and social disorder had greater likelihoods of reporting lifetime marijuana use. Due to concerns that the official city lists may not be accurate, we conducted the analyses with and without these lists. The primary results of the paper did not change. This suggests that, at the city level, differences in physical availability of medical marijuana by source of data (web vs. city lists) may not change the relative distribution of medical marijuana availability compared to other cities.
Current marijuana use
As shown in Table 2 , males, whites, and higher income ($60,000 to $100,000 and greater than $100,000) respondents were more likely to report marijuana use in the past year. Respondents who were married, not born in the United States, and in age groups older than 18 to 29 years were less likely to report use of marijuana in the past year. Respondents reporting greater levels of impulsivity and tolerance of deviance were more likely to report current marijuana use. Collective efficacy and social disorder were positively related to past year marijuana use in Models 3 and 4.
In Models 1 and 3 (i.e., with and without city-level structural characteristics), higher total density of medical marijuana dispensaries was related to greater likelihood of past year use of marijuana. In Model 2, density of delivery services per roadway mile was related to greater likelihood of current marijuana use. When controlling for city-level structural characteristics, this relationship was no longer statistically significant. Table 3 presents the results of the Tobit models for frequency of past 365 day marijuana use. Respondents who were male, white, had incomes of $60,001 to $100,000 or greater than $100,000 reported using marijuana more frequently. Married, separated, divorced, or widowed respondents between the ages of 30 and 45, 46 and 60, and greater than 60 years old, or born outside of the United States reported less frequent use of marijuana. Respondents with greater levels of impulsivity and tolerance of deviance were more frequent users of marijuana. In Models 3 and 4, collective efficacy and social disorder were positively related to frequency of marijuana use.
Frequency of current marijuana use
Similar to the models of current use, total density of dispensaries was related to more frequent use of marijuana. Density of delivery services was related to more frequent marijuana use in Model 2. Table 3 Tobit random effects model of medical marijuana availability and frequency of past 28 day marijuana use (n = 8553). However, when controlling for city-level structural factors, density of storefront dispensaries was positively related to frequency of marijuana use.
Discussion
This study advances our understanding of the relationship between the physical availability of medical marijuana by studying the variations in availability within one state that has allowed marijuana for medical use for over 15 years. The total physical availability of medical marijuana was consistently related to current and frequency of marijuana. However, distinguishing between types of physical availability of medical marijuana (e.g., storefront dispensaries and delivery services) resulted in differential relationships to marijuana use not consistent with our original hypotheses.
Higher marijuana use were positively related to having statelevel policies allowing marijuana use for medical purposes (Cerdá et al., 2012; Harper et al., 2012; Khatapoush and Hallfors, 2004; Wall et al., 2011) . States that allow for dispensaries in their legislation had more marijuana use at the state-level (Pacula et al., 2013) . Here total availability of medical marijuana (through dispensaries and delivery services per roadway mile) at the city-level is positively related to current marijuana use and higher frequency of use, but is not related to lifetime use of marijuana in California.
Density of delivery services was related to greater likelihood of current use and more frequent use before city-level structural characteristics were controlled. After controlling for city-level social disorder and efficacy (Model 4), density of storefront dispensaries were positively related to frequency of marijuana use. Density of delivery services was no longer associated with any of the outcomes. This finding may indicate that storefront availability follows a pattern that differs from disorder and efficacy, and that delivery dispensaries are more relevant in certain types of cities.
At the city-level, those jurisdictions with higher levels of collective efficacy and higher levels of social disorder consistently reported higher levels of lifetime, current, and frequent use of marijuana. The results related to social disorder are consistent with previous work (Bloomfield and Stock, 2013) . The relationship of collective efficacy to marijuana use conforms to expectations about the roles of wealth (income) in stabilizing neighborhoods and increasing demand for marijuana . A word of caution when interpreting these measures: they have been primarily used to describe local neighborhood characteristics and might not accurately depict city-level processes.
Cities with higher levels of medical marijuana availability (regardless of type) had more current marijuana use and more frequent use. In other words, banning or regulating the number and density of storefront dispensaries is not a sufficient means to have lower marijuana use. Greater physical availability is likely to result in more marijuana being available to medical and recreational users alike. These results may be indicative of a supply-demand relationship where dispensaries and delivery services operate in locations with higher demand. This study cannot assess this relationship directly, but does point to future directions for research.
Across all outcomes respondents who were men, white, had higher incomes, higher levels of impulsivity, and tolerance of deviance were more likely to have ever, to currently, and more frequently use marijuana. Those who were Latino, Asian, married, separated, widowed, or divorced (compared to single individuals), and born outside the United States were less likely to have ever, currently, or frequently used marijuana. Those with higher levels of education, employed full time or were unemployed (compared to part time employment or staying at home) were more likely to report lifetime marijuana use. Education and employment were not related to current marijuana use.
Most results for the sociodemographic and personality characteristics were similar across all three outcomes; the results for age differed and show a changing demographic of marijuana use. All age groups over the age of 30 were less likely to report current and more frequent marijuana use compared to 18 to 29 year olds. Thus, the age of current marijuana users falls within the young adult age range. However, age groups 30 to 45 and 46 to 59 years were more likely to report lifetime marijuana use compared to 18 to 29 year olds. The oldest age category (60 years and older) were less likely than 18 to 29 years to report having used marijuana in their lifetime. These results may help explain why the norms around marijuana use for medicinal or recreational use are changing. More importantly, these results suggest that concerns around access to marijuana by youth populations may be warranted. Further the key demographic of users according to this study are young, white males and those with higher incomes which is not consistent with previous studies of dispensary patients (Ogborne and Smart, 2000; Ware et al., 2005; Swift et al., 2005; Reiman, 2007; O'Connell and Bou-Matar, 2007) .
The current study examines marijuana use using a general population survey across fifty cities in California, a state with a patchwork of policies designed to reduce or eliminate availability of medical marijuana through storefront dispensaries. Although this study provides a more nuanced understanding of the role of storefront dispensaries and delivery services on marijuana use, respondents are not asked whether or not they have a doctor's recommendation for marijuana. Thus the more people using and more frequent use of marijuana could be a function of the number of doctor's recommendations for medical marijuana at the city-level.
This study is only able to identify associations between availability and marijuana use. Only by following changing regulations, changing physical availability, and changes in marijuana use over time, can we identify any causal relationships between the physical availability of marijuana and marijuana use. Similarly, this study only examines physical availability as measured by storefront dispensaries and delivery services. We do not include information on places that grow marijuana or social availability through family, friends, and acquaintances or marijuana available through underground sources. Data on location of dispensaries was collected between 1.5 and 2 years after the survey administration. Thus the numbers of dispensaries and delivery services may not be completely accurate. However, the relative distribution (low vs. high) across cities has remained relatively stable during this period.
Finally, the decline in use of land lines has been well documented (see methods) and thus our findings may not be generalizable to cell phone only household or households without any phones or jurisdictions outside of California. Some populations of people may be less prone to have land lines (e.g., younger populations, poor) also affecting generalizability.
Despite these limitations, our study provides empirical evidence about the relationship between the physical availability of medical marijuana and marijuana use within these cities. As such, it begs the question of whether or not having more dispensaries and delivery services in a jurisdiction increases not only medical use of marijuana, but recreational use as well. The importance of this question cannot be understated as two states (Colorado and Washington) allow marijuana use by recreational users.
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